The purpose of this study is to discover the factors shaping public opinion about renewable energy sources and investigate willingness to pay for expansion of renewable energy sources in the electricity mix. Data was collected through a questionnaire applied in Nikaia, an urban municipality of Greece. The respondents have a positive attitude towards renewable energy systems. Most of them have good knowledge of solar and wind energy systems and are using solar water heating, while several respondents own a solar PV system. Environmental protection is seen as the most important reason for investing in a renewable energy system. Willingness to pay for a wider penetration of RES into the electricity mix was estimated to be 26.5 euros per quarterly electricity bill. The statistical analysis revealed the existence of a relationship between RES perceived advantages and willingness to pay for renewable energy. Furthermore, by using a binary logit model, willingness to pay was found to be positively associated with education, energy subsidies, and state support.
Introduction
Life is directly linked to the quality of the natural environment and the availability of natural resources. Environment and life are interdependent concepts. Maintaining a balance in the world ecosystem is a basic prerequisite for preserving life. The atmosphere of our planet is a valuable and sensitive resource to be protected. On the contrary, undesirable inflows into the ecosystem, caused by anthropogenic activity, can shake this harmony and degrade living conditions [1] . Human influence on the environment is increasing due to mass production of technological goods [2] , intensification of agriculture [3] , the rapid rate of urbanization, and growing demand of fossil fuels for energy and transport [4] . According to data from the International Energy Agency, between 1971-2014, global primary energy consumption has increased by 2.5 times, as from 5.5 GTOE in 1971 to 13.7 GTOE for 2014 [5] . Over the same period, carbon dioxide emissions (hereinafter CO 2 ) have doubled. Climate change poses a significant environmental, social, and economic threat [6] . The increase in anthropogenic carbon emissions is linked to global warming. Scientists point out that CO 2 concentration in the atmosphere has significantly increased over the last century, compared to relatively stable levels of the pre-industrial era [7] . Since 1751, about 400 billion tons of coal have been released into the atmosphere due to fossil fuel combustion and cement production. Half of those CO 2 emissions were added since the late 1980s [8] . There are scientific publications from the early 1970s, low bank lending rates, national solar development goals, and tax reductions [30] . In the Netherlands, volunteers and local authorities play a very important role in the technological spur and large-scale applicability of photovoltaics [31] .
Contrarily, an important factor that inhibits the wider adoption of RES-based energy systems, apart from the high cost of infrastructure, is the lack of publicly shared information and the behavior of citizens against RES technological advancements [14] . This social behavior has mainly been observed in economically developing regions or countries. Lack of information was reported in residents of rural, suburban, and urban areas in the Chinese context [32] . Another study was deployed in the Malaysian context, about views and perceptions of the local population towards solar energy and the installation of photovoltaics; it was concluded that the Malaysians hardly understood the incentives and the wider socio-economic benefits derived, thus they were reluctant to invest in photovoltaics [33] . Additionally, in the Middle East and North Africa, the attribute of social opposition was reported among interviewed citizens, since they expressed a biased behavior, significantly distorting anything that tends to become socially acceptable [34] . On the other hand, a study about the social acceptance of small hydropower plants (SHP) in India revealed that SHP projects are regionally challenging forms that can be directly utilized in the Indian energy mix of production [35] .
Apart from social acceptance, many studies focus on the economic amount a consumer is prepared to pay for further expansion of RES in their area of residence, which is defined as willingness to pay (WTP). For estimation of the economic value that an individual hypothetically assigns to a non-market good, such as WTP for renewable energy, the contingent valuation method (CVM), is commonly used [36] . In this method, the respondent is directly asked usually through a questionnaire survey, to state his preference [36] . A positive relation has already been identified between WTP, income, and level of information [37, 38] . In a study examining attitudes towards RES, Australian tourists were willing to pay 1-5% more for the existence of renewable energy systems within their accommodation units [39] . For the case of Sweden, by using binary logistic regression, it was found that people with increased environmental awareness are more likely to accept renewable energy [40] . Comparable results were proved, by a study on the factors influencing WTP for green electricity, noticing that a proactive attitude towards environmental issues can lead to a higher level of economic participation [41] . A study from China revealed that household income, knowledge of renewable energy, and education are positively associated with WTP, while age and perception of neighbors' non-participation have a negative impact on WTP [16] .
Willingness to pay for renewable energy with the CVM method, has been estimated at 17 USD/household/month for Japan [42] [47] ; and 4.1 USD/household/month for Slovenia [48] .
Under an economic view, RES expansion in Greece can lead to benefits estimated to be 4.9 euros/MWh and 4.4 euros/MWh for electricity produced from solar p/v's and biomass power stations, respectively. Economic benefits of 1.9 euros/MWh and 1.8 euros/MWh were also attributed to wind farms and hydropower plants electricity production [49] . Furthermore, in a study accessing Greek households WTP for greener electricity, evidence of positive association was found with income, level of information, and awareness on green investments [19] . In a relevant empirical study about tourists' WTP for renewable energy in the island of Crete, in Greece, positive association was found between the respondents' age, information status about RES, and previous experience by using a logit model [50] . In a study concerning WTP for biofuels expansion at the area of Thrace, in northern Greece, most of the car owners who took part in the survey, were willing to use biofuels and accept an increased cost of 0.079 €/L [51] .
The significance of the energy sector in Greece, which is a developed country under a severe economic crisis since 2009, has also attracted a wider scientific interest covering:
• the applicability of enhanced exploitation of renewables [52] ; • the spur of novel technologies upon electrical energy storage in electricity generation [53] ; • the socio-cultural value of energy production as a common good that must be instilled in the secondary education systems [54] ; • the energy autonomy and the forestry management of mountainous regions in satisfying the energy demand, either as energetically autonomous countries, or under bilateral national agreements of legal importing and exporting forestry biomass as supplementary sources of energy production [55, 56] ; • the public attitude that is generally positive towards RES and the high cost and lack of information as obstacles towards the wider support of RES-based energy investments [19, 21, 57 ]; • and the ongoing controversy between ecological, economic, and financial environment in Greece, since national policies should be oriented to 'green fiscal policies'. Greek national policy must be compatible with relevant European reports. National environmental policy should align with the restructuring of the community framework for the taxation of energy products, which draws the transition from income taxes towards a system based on the principle that payment should burden those who consume more energy and produce more air pollutants [58, 59] .
Materials and Methods
A questionnaire survey was conducted in Nikaia, which is situated in the western sector of Attica and has a population of 89,380 permanent residents, according to the 2011 census. Data was collected between November and December 2016. The method of random stratified sampling was used [60] . The stratification is carried out at municipality level, using the list of registered voters as the sampling frame. By using the electoral catalogues, we ensured that the sampling units are adults, residents of the municipality of Nikaia. The municipality of Nikaia was divided into 159 polling stations with 93,851 registered voters during the parliamentary elections of January 2015 [61] . We used the electoral lists of the elections of January 2015, containing voters per polling station, as retrieved from the Ministry of Interior [61] . For creation of the sample, we numbered all voters for each polling station in ascending order, according to our nominal voter list. Then we randomly selected voters, by separate draw per polling station, according to the percentage the polling station represents over the total voters. To ensure randomness, we used the random number generator of Microsoft Excel, version 2007. Random numbers are given by the 'RANDBETWEEN' function, which is compiled as follows: '=RANDBETWEEN (bottom, top)'. The 'RANDBETWEEN' function can produce as many integer numbers as desired by the user, between the bottom and top boundaries. Special emphasis has been put on calculating the correct sample size, since it affects not only the accuracy of the measurement but also the conclusions about the population [62] . For the calculation of the appropriate sample size, because the dispersion of the variables of our investigation is not available, we performed a preliminary survey in the area, by collecting 50 questionnaires. By using this pivot sample, we were able to calculate the variance, standard deviation and the ratio for each variable. Regarding sample size estimation, in the case of unknown population variance and for the case of a large sample, the following equation is used [62] 
where n is the estimated sample size, s is the calculated standard deviation resulting from the control sample, Z 1−a/2 values derive from the confidence level selected by the investigator based on the normal distribution table and D is the overall width of the desired confidence level as determined by the researcher or as given by similar research. In our sample, the variable with the greater standard deviation 'age' (mean = 40.4, s = 14.24). By using Equation (1) The appropriate sample size was rounded up at 400 persons. The proportion equation for variables expressed in percentages, gave lower sample size estimates. Face-to-face method was used to fill out the questionnaires. If the respondents were absent or refused, one more effort was made to capture their opinion. This mainly happened with senior respondents (>65), who were reluctant to respond to the questionnaire. In this case, we used the previous process to select new sampling units, thus our study better represents the views of citizens aged 18-65.
The questionnaire includes 16 multifaceted questions on RES, which form 73 variables, about respondents' viewpoint of use, information and acceptance of RES. Previous surveys on renewables for Greece were taken into consideration for appropriate questionnaire design [19, [63] [64] [65] [66] [67] .
The main research goal is to assess public opinion on renewable energy sources, perceived advantages and disadvantages, and willingness to pay for RES energy. A second research goal is to locate the main dimensions of public attitude towards WTP for RES expansion. Statistical methods include principal components analysis, one-way ANOVA, and binary logit regression. For the purposes of the analysis, Stata/MP 13.0 and SPSS v.17 were used.
Results
Most of the respondents are males (52.3%), found in the age category of 41-55 (35.5%), as presented in Table 1 and Figure 1 . For verification of sampling accuracy, in Figures 1 and 2, age distributions for both the sample and the total population of Nikaia, according to the 2011 census, are provided [68] . The two bar-charts are comparable, with the exemption of the category of adults over 65, who were, in many cases, unwilling to take part in our survey. The mean sample age is 40.4. The appropriate sample size was rounded up at 400 persons. The proportion equation for variables expressed in percentages, gave lower sample size estimates. Face-to-face method was used to fill out the questionnaires. If the respondents were absent or refused, one more effort was made to capture their opinion. This mainly happened with senior respondents (>65), who were reluctant to respond to the questionnaire. In this case, we used the previous process to select new sampling units, thus our study better represents the views of citizens aged 18-65.
Most of the respondents are males (52.3%), found in the age category of 41-55 (35.5%), as presented in Table 1 and Figure 1 . For verification of sampling accuracy, in Figures 1 and 2 , age distributions for both the sample and the total population of Nikaia, according to the 2011 census, are provided [68] . The two bar-charts are comparable, with the exemption of the category of adults over 65, who were, in many cases, unwilling to take part in our survey. The mean sample age is 40.4. Most of the respondents are high school graduates (38.0%), followed by university graduates (35.0%). Around 67% of the respondents have an annual family income of up to 20,000 euros, while one-third of the sample population stated that their annual income does not exceed 10,000 euros. The Most of the respondents are high school graduates (38.0%), followed by university graduates (35.0%). Around 67% of the respondents have an annual family income of up to 20,000 euros, while one-third of the sample population stated that their annual income does not exceed 10,000 euros. The respondents are many civil servants or private employees (57%), while around 25% of the sample are students, unemployed, or homemakers. Concerning RES use, 239 respondents, who correspond to 60% of the sample, reported that they use renewable energy technologies (active or passive) in their everyday life. In a multiple response question about ownership of different types of renewable energy technologies, 95% of RES users have installed solar water heaters, while another 13% of them are using photovoltaic systems (PVs). Only four RES users have invested in wind energy systems and two in geothermal energy systems (Table 2) . In a question accessing the reasons for not investing in renewable energy systems (Table 3) , 37.3% of non-RES users, indicated "high installation costs", followed by lack of information (30.4%). The internet is the preferred method for retrieving information about renewable energy (43.5%), followed by television (28.8%), as can be seen in Table 4 . In a question accessing the reasons for not investing in renewable energy systems (Table 3) , 37.3% of non-RES users, indicated "high installation costs", followed by lack of information (30.4%). The internet is the preferred method for retrieving information about renewable energy (43.5%), followed by television (28.8%), as can be seen in Table 4 . Regarding respondents' self-evaluation on their knowledge degree upon RES, 54% and 42% of the sample are adequately informed about solar power and wind power, respectively. On the contrary, respondents are inadequately informed about hydropower, geothermal, and biomass applications. The results are presented in Table 5 . In response to perceived RES benefits (see Table 6 ), most of the respondents (51.5%) consider environmental protection to be an utmost importance parameter, followed by the increase of energy independence. In a question concerning respondents' opinion about "further RES expansion", most of them (83%) gave a positive answer. In a dichotomous type question about WTP for a further expansion of 10% of RES share, in the electricity generation mix, more than one-third of our sample gave a positive answer. Out of those respondents, a percentage of 28.9 are willing to accept an increase of 6-10 euro in their electricity bill, while a percentage of 52.4 are willing to pay more than 10 euros per quarter, as it can be seen in Table 7 . By taking the mean of each class of Table 7 , multiplying with frequency and dividing the total sum by the total number of cases, we estimated that the mean WTP for a 10% increase of RES penetration in electricity mix, is 26.5 euros per household, quarterly.
Our results led to higher estimation of WTP for greener electricity compared to other studies on WTP for RES electricity within the Greek context [19, 51, [69] [70] [71] , as presented in Table 8 . A possible explanation for this is that our survey took place in an urban area near Athens, where the need for environmental protection is a matter of top priority among the respondents. Ambient air condition in the Attica region is heavily burdened by traffic loads, heating applications, and industrial facilities [22] . To access the drivers of WTP, we applied a factorial analysis under the PCA method, by inputting all variables concerning respondents' aspects on various RES issues. Under this methodology, each identified component interprets a percentage of the variance that has not been interpreted by previous components. In the context of social sciences, an explained percentage of 60% of the variance or less can be accepted [72] . Kaiser's criterion (eigenvalue > 1) was used for factor identification. KMO criterion and Bartlett's test of sphericity were applied prior to the PCA method to measure question and sampling adequacy. Regarding the number of observations in proportion to the number of variables, this ratio should be at least 5:1 and ideally 10:1 [72] , a condition fulfilled by our sample. The result of this analysis via KMO index and Bartlett test of sphericity (Table 9) , revealed satisfactory values (KMO = 0.86 and p < 0.001 on Bartlett). This conclusion implied that statistically significant correlations exist between questions, and that the sample size meets the criteria to be used for factor analysis [30] . Out of the initial number of variables, nine components were identified by the Kaiser criterion, explaining a total of 68% of the observed variance; a percentage which is considered satisfactory. A rotation of the initial factors was afterwards performed by the Varimax method. The rotation enabled the simplification of the initial factor table. Regarding the nature of the questions, respondents' attitudes towards RES fall into the components presented in Table 10 .
By using the F1 component named "RES perceived benefits", a positive relationship with WTP exists, as verified by the one-way ANOVA method, presented inTable 11. When the score on perceived RES benefit rises, WTP becomes higher, as depicted in the means plot (Figure 3 ). F3: RES energy subsidies F4: Actions for expansion F5: Institutional promotion barriers F6: Economical obstacles F7: Price compared to fossil fuels F8: Motivation by the social-legal framework F 9: Purchase with interest free installments By using the F1 component named "RES perceived benefits", a positive relationship with WTP exists, as verified by the one-way ANOVA method, presented inTable 11. When the score on perceived RES benefit rises, WTP becomes higher, as depicted in the means plot (Figure 3) . Table 11 . One-way ANOVA between the variables "willingness to pay for RES" and "perceived benefits from RES" To further assess the desire for additional payment (WTP) for energy from renewable sources, we used a binary logit model in STATA/MP 13.0, setting the dichotomous variable WTP ('yes/no') as dependent. The independent variables we used are the socio-demographic characteristics of the sample (age, income, occupation, education, and gender) and the nine components of Table 10 (variables F1-F9), reflecting respondents' views on RES. The reference category for the dependent variable of WTP is 'yes'. To further assess the desire for additional payment (WTP) for energy from renewable sources, we used a binary logit model in STATA/MP 13.0, setting the dichotomous variable WTP ('yes/no') as dependent. The independent variables we used are the socio-demographic characteristics of the sample (age, income, occupation, education, and gender) and the nine components of Table 10 (variables F1-F9), reflecting respondents' views on RES. The reference category for the dependent variable of WTP is 'yes'.
F1: Perceived Benefits
As seen in Table 12 , McFadden's R squared, which is the default 'pseudo R 2 ' measure reported by Stata [73] , equals 17.83%. The initial model, including all the variables, is presented in Table 13 . Model coefficients are presented under column (B) and the odds ratio is given in the most-right column labeled "Exp(B)". By looking at sig. values, in column (P > z) of Table 13 , we observe that the variables of OCCUPATION, INCOME, GENDER, AGE, F1, F6, and F7 do not make a significant contribution to the model, having sig. > 0.05 at 95% confidence level. Therefore, we decided to drop those variables by using the stepwise method, provided by Stata/MP 13.0. The optimal solution was found after seven iterations, as presented in Table 14 . Step 1: p = 0.8703 >= 0.0500 removing F7
Step 2: p = 0.6116 >= 0.0500 removing OCCUPATION
Step 3: p = 0.4735 >= 0.0500 removing GENDER
Step 4: p = 0.4370 >= 0.0500 removing AGE
Step 5: p = 0.4595 >= 0.0500 removing F6 Step 6: p = 0.2982 >= 0.0500 removing INCOME
Step 7: p = 0.3404 >= 0.0500 removing F1
By looking at All variables included in the final model are presented in Table 17 , along with their coefficient, the confidence intervals, and the odds ratio. Interpreting the results of Table 17 , we clarify that column "B", includes the coefficients of the logit model while "Exp(B)" shows the odds ratios, or the marginal probabilities, for the predictors. The odds ratios are the exponentiation of the coefficients. Thus, the final form of the model is:
Out of the initial 15 explanatory variables, 6 were statistically significant. Negative coefficients mean that a one-unit increase in those variables, minimizes the odds that the user remains in the reference category of "WTP = yes", by 1-Exp(B). The variables negatively associated with WTP are F2 (Perceived disadvantages of RES) and F5 (Institutional promotion barriers). On the other hand, variables with a positive coefficient, F2 (Perceived benefits from RES), EDUCATION, F3 (Subsidies for RES), and F8 (Motivation by socio-political framework), are positively associated with "WTP = yes".
For example, the odds ratio coefficient, under column Exp(B) of variable "EDUCATION" says that, holding all other explanatory variables at a fixed value, we will see 27% increase in the odds of a respondent belonging in "WTP = yes", for a one unit increase in the educational level, since exp(0.239) = 1.270 [74] . The same explanation applies to variables F3, F4, and F8.
On the other hand, a one-unit increase in F2 (Perceived disadvantages of RES) holding all explanatory variables fixed, decreases the odds of a respondent belonging in the category "WTP = yes" by 39.2%, since 1-exp(B) = 1 − 0.608 = 0.392 [74] . The same applies to variable F5, which also has a negative coefficient.
The overall predictability of the model is depicted in Table 18 . Overall, 76.2% of the respondents were correctly identified. Specifically, 93.7% of the respondents who are not willing to pay more for RES expansion (WTP = no) and 36.8% of those willing to pay the extra cost (WTP = yes), were classified in the correct category. We decided to check for differences in personal characteristics of the respondents because of the low predictability of the final model for the 'WTP = yes' category. For this purpose, we applied Pearson's chi-squared test of independence between all personality characteristics variables and WTP, noticing a relationship between WTP and the dichotomous variable 'RES user'. More specifically, RES users are more willing to pay than non-RES users. By applying a filter and selecting all respondents who are 'RES users', we re-run our final binary logit model and took the following table: As we see in Table 19 , our final model has significant better prediction capabilities (Pseudo R 2 = 0.440) when it is applied only to RES users. Several interesting studies are also reporting that personality traits, like environmental awareness or eco-consciousness, are positively associated with environmentally responsible behavior [75] [76] [77] . 
Discussion and Conclusions
Concerning policy implications, in previous Greek studies, a positive public attitude was denoted [19, 21, 57] . It is noteworthy that the social acceptability and the perceived advantages of RES diffusion in the national energy mix stems from the adverse environmental and healthcare implications from the ongoing air pollution and ecosystems' deterioration caused by the overexploitation of the carbon-based fossil fuels. Our survey results suggest that the prolonged economic recession in the Greek economy motivated citizens to undertake market research for cost-effective energy choices, especially regarding their household expenses. Most of the respondents have installed water heaters while more than half of them have in-depth knowledge of solar energy systems followed by wind energy technologies. Environmental protection is outlined as the most important reason for installing RES technologies, followed by reduced oil dependency. On the other hand, the respondents reported that high installation costs and lack of information are dominant reasons for not installing any kind of RES technology. Willingness to pay for an expansion of 10% of RES into the current electricity mix was estimated at 26.5 euros/quarterly on the electricity bill, higher than previous Greek studies which ranged between 11-16 euros/quarterly [19, 51, [69] [70] [71] . Our higher estimate of WTP is attributed to respondents' perception upon the role of RES in improving the environmental quality, which plays a decisive role to the wider acceptability of green investments [17, 20, 25] . The results of WTP are comparable to other European countries like Spain and Slovenia. On the other hand, Japan and Australia are amongst the countries with the highest estimated WTP. According to previous studies, WTP was found to be related to income, age, education, and environmental awareness. By using a logit model, we discovered that WTP is positively related to education status, subsidies provided by the state, actions for RES expansion undertaken by the state and motivation by the socio-political framework. On the other hand, the perceived disadvantages of RES and institutional barriers negatively affected WTP.
Moreover, since WTP was found to be associated with the role of the state, local stakeholders-such as municipality and local authorities, as well as private-owned investment companies-should take that into consideration for the implementation of a successful national environmental policy [28, 31] . The state must also ensure access to environmental information for citizens to stimulate investment desire and participation [19, 21, 57] . Citizens' active participation promotes the implementation of the renewable energy targets agreed upon by the national governments.
Concerning the limitations of this study, it must be noted that it was undertaken at a densely populated urban area, in which citizens' prioritization is mainly determined by the cost-effective purchase for commercial goods and services and not by the environmental protection of the nearby provinces and the surrounded suburban region. Contrarily, future research orientations under the same methodological approach, can be implemented to purely rural and island areas, in which it is anticipated that, among the local population, environmental protection and the improvement of life quality criteria should take advantage of the economically convenient and less costly energy choices that the Greek countryside offers. Finally, the inclusion of personality trait variables [75] [76] [77] in logit models evaluating WTP may provide better fit and better forecasting accuracy.
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